The current in a simple electric circuit consisting of a resistor and a power supply is studied under the assumption that the current starts from zero and reaches its maximum value. It suggests that an evolution process of a current occurs approximating the circuit temporarily to an R-L circuit. The current equation is solved analytically using Mittag-Leffler function. The equation was also solved numerically. Results supported the assumed behavior of current to evolve from zero to its saturation value.
Introduction
Evolution of some physical phenomena has been studied using fractional calculus to give deeper insight and understanding of physics. It was possible to do that through varying the order of fractional differentiation from zero to one and observing the change in the phenomenon under consideration and observe how it develops from one state to the other through the fractional operation.
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Engheta [4] , [5] , [6] applied the idea to the electromagnetic multipole showing the evolution of multipole from a certain order to the higher one. Rousan et. al. [10] have studied such evolution in gravity and showed the evolution of a semi infinite linear mass from a mass point. Rousan et. al. [11] show how the oscillatory behavior (LC circuit) goes over a decay behavior (RC circuit) as the order of fractional differentiation goes from zero to one, and vice versa. Also Rousan et. al. [12] show in studying fractional harmonic oscillator and suggest that the system goes through an evolution process as the fractional order goes from zero (free) to one (damped) letting it pass through intermediate stages where the system can have a damping character and the material can be thought as a pseudo-damping material. Memristor, a contraction of memory resistor, is a new electrical element predicted by Leon in 1971 [1] and realized by HP laboratory in 2008 has been studied by many authors [8] , [18] , [13] , [14] , [15] and still under investigation. Mehdi and Majid [2] applied the concept of fractional calculus to many areas in physics such as fluid mechanics and propagation of waves in different media. In this work we will use fractional calculus to understand the way the current evolves in a wire (resistor) when connecting it to a power source from zero (switch off) to its maximum value (switch on).
A full review of the scope of applications of fractional calculus in physics and its applications on evolution process is found in [10] .
Power source-resistor circuit
Consider a simple circuit consisting of a resistor, a switch, and a current source as shown in Figure 1a . When the switch is closed, the current in the circuit does not jump immediately to its final value ε/R, rather it goes through hidden steps according to Faraday's law. To understand this peculiar behavior, let us assume that the switch is is closed at t = 0, as the current starts to increase with time, the magnetic flux through the circuit increases with time, but according to Faraday's law, any change in magnetic flux will produce an induced electromotive force, and according to Lenz's law, the direction of this electromotive force will create a magnetic field that will oppose the change in the source magnetic field. So, the direction of the induced electromotive force is opposite to the source electromotive force as in Figure 1b . In result, the current will start to grow in the circuit gradually from zero to its maximum value at equilibrium. This is known as self-induction since the change in magnetic flux in the circuit and the corresponding induced electromotive force rise from the circuit itself, and since the self-induction is the basis for the inductor, we will replace the induced electromotive force by an inductor as in Figure 1c . We will study the evolution of the current using fractional differential equation. The normal differential equation of a simple LR circuit which can be found using Kirchoff's second law is
This equation can be modified as follows: Let L * be the effective inductance and R * be the effective resistance, then our proposed equation is
. L * and R * are chosen in this way to take care of dimensions for all values of α (the memory parameter) between zero and one. One can choose different expressions for L * and R * , and the proposed expressions are just an example. One can see from the definitions of L * and R * that when α equals zero, L * is maximum, and R * is minimum and equals zero, that is if we have a circuit consists only of an inductor and a power supply. For small values of α the inductor is dominant, i.e., L dI dt = ε(t), conversely, when α is closer to one the resistor is the dominant, until it becomes one, i.e., RI = ε(t); the circuit consists of a resistor and a power supply only.
Analytical solution
We will consider two cases of power source. The first one will be a constant value of ε, and the second case will be a sinusoidal form.
Case 1: Constant
Voltage. Equation (2.2) can be written as:
Apply Laplace transform to equation (2.3), we can write:
where ω 2 = R * L * Using Taylor expansion, equation (2.5) can be written as
Recalling Mittag-Leffler function, i.e.:
and its Laplace transform [7] : 
where
10) where
One can see that β 3 is negative for all n and α, and for Mittag-Leffler function the parameters must be larger than zero, so we can choose B to be zero. Thus, equation (2.10) becomes
, and the solution of it is
Going back to equation (2.11), using the same special case, the current is given by
Comparing equation (2.12) to equation (2.14), one can conclude that (ωt) 1, sin ωt → ωt, and cos ωt → 1. Then 15) where A| α=1 = I 0 .
Case 2: ε(t)
= ε 0 cos ω 0 t. In this case equation (2.2) can be written as
Applying Laplace transform to equation (2.16) we get 17) and rearranging equation (2.17) yields
Using Taylor expansion, it can be written as
where β = −1 − 2k + α + 2αk + 2αq. 
Comparing the last equation by the Laplace transform of Mittag-Leffler function equation (2.8), we get
Because ωt very small, one can write the current as To take care of dimensions, for any α we suggest
Numerical solution
As many analytical solutions were proposed to solve fractional integrodifferential equations, as there were for numerical solutions. In many cases, the initial conditions, boundary conditions and external force are the only reason to resort to numerical methods in both integer and non-integer differential equations.
Yuste [17] developed fractional weighted average methods, and checked their accuracy and stability. Also, differential algorithms for fractional calculus have been discussed thoroughly by Diethelm et. al. [3] .
Qianqian Yang in his PhD thesis [16] presented a complete survey of analytical and numerical methods for fractional dynamic systems.
We will use the weighted average method that described in [19] , the algorithm was checked in studying the motion of domain walls with series method [9] .
The numerical expression of fractional derivatives is defined as:
where the weighted function ω α j is defined as ω α j = (−1)
where I is the current, L is the inductance, R is the resistance, and ε(t) is the power source, t is the time. Applying the expression in equation (2.27) to equation (2.28) converts it to the following series form
Rearranging equation (2.29) leads to the following explicit relation of the current
(2.30)
Results and Discussion

Results of Constant Current Source
In this section, the fractional differential equation for RL circuit, equation (2.28), will be solved for the case of constant voltage source. Substituting α = 1 in equation (2.29) gives the following solution of the current
where as when α is very small, we will obtain the following expression of the current Figure 2 (a-c) shows the evolution of current after switching on the current shown in Figure 1 . The current saturates within Δt less than 5 × 10 −9 seconds, regardless of the sort of relaxation with a peak of relaxation position at Δ/2 (as seen in the evolution of polarization in dielectrics), a sort of behavior seen in Figure 3 . Moreover, the sensitive value of the parameter α lies on the range 0.75 − 0.85, where the maximum evolution of the initial current occurs. This might be an indicator that the proposed induction character by the current carrying wire is very small because current does not start evolving appreciably until the value of α is above 0.75. That still gives good evidence that the idea of evolution is valid because as seen in Figure 2 current, at such values of α, reaches its saturation value at much slower rate indicating a strong evolution process.
Results of Alternating Current Source
In this section we will study the case of a resistor connected with alternating current source. The only difference between this case and the previous one is that the resistance will frequently behave as an inductor.
The equation that covers this case is that given by equation (2.28), but ε(t) = 3 cos(ω 0 t). Where ω 0 = 2π τ , and τ = L R . Then our suggested equation is
When α = 0, the solution is as follows:
And for α = 1, the solution is as follows: Figure 4 (a, b, and c) indicates the following behaviors: the first behavior is that the amplitude increases with α and the second behavior is that the transformation from sine to cosine evolves, as α changes from 0 to 1, inconsistent with equations (3.4) and (3.5).
Once again, the value of α of interest lies between 0.75 and 0.85 as shown in Figure 5 . That means the evolution process is the same as in the previous case (constant voltage).
In both cases it is strongly suggested that an evolution of current in the wire occurs indicating a presence behavior of the wire.
The evolution process and the inducting character of the wire can be thought to exist in special type of material which has the property of deformation to produce an inductor of fractional number of turns.
Conclusion
The simple current source-wire circuit has been studied fractionally using direct and alternating current source. The results indicate that there was an evolution of the current until it reaches its saturation value which would have been expected as to be (immediately) reached. The evolution process starts to be evident at higher values of α (> 0.75). The result may suggest that the wire acquires an inducting behavior as the current is initiated in it and gradually recovers its resisting behavior. The fact that the phenomenon is more pronounce at higher values of α is obvious from the fact that the saturation value of the current is shown to be reached after a time of the order of nanosecond. It was shown that the currents in wires take time (order of nanoseconds) to reach the expected constant value. 
